TRACE FOSSILS FROM A SUBMARINE FAN-SLOPE APRON
COMPLEX IN THE CRETACEOUS OF JAMES ROSS
ISLAND, ANTARCTICA

J. R. INESON

British Antarctic Survey, Natural Environment Research Council, High Cross,
Madingley Road, Cambridge CB3 OET, UK

ABSTRACT. The Kotick Point and Whisky Bay Formations (Aptian Coniacian) of
NW James Ross Island represent slope apron and proximal submarine fan deposits
of a marine back-arc basin. Although classical deep-water trace fossils are represented,
the ichnofauna includes several forms typically assigned to shallow-water environ-
ments and trace fossil assemblages are closely tied to sedimentary facies. Mud-rich,
slope apron deposits are characterized by the assemblage Chondrites-Zoophycos
Planolites—Teichichnus whereas coarse, sandy fan sequences typically contain the

. assemblage Thalassinoides—Ophiomorpha- Palaeophycus. Clearly, in such a proximal
marine setting, substrate and local energy levels are more influential than absolute
bathymetry.

INTRODUCTION

Since the work of Seilacher (1976), the study of trace fossils has contributed greatly
to palacoenvironmental interpretation of marine sedimentary rocks. Recent work on
both modern and ancient deposits, however, has demonstrated that many ichnogenera
which were previously thought to be restricted to specific bathymetric zones, occur
through a range of depositional environments (e.g. Kern and Warme, 1974 Crimes,
1977, Buck and Bottjer, 1985). In particular, study of ancient and modern deep-sea
sediments has revealed forms such as Skolithos, Ophiomorpha and Thalassinoides,
which are often considered to be typical of the shallow marine shelf (e.g. Curran,
1985). The aim of this paper is to describe the ichnofauna of the Kotick Point and
Whisky Bay Formations (Aptian—Coniacian) of the Gustav Group of James Ross
Island, Antarctica and. in particular, to emphasise the presence of supposed *shallow-
water’ trace fossils within this succession of slope apron and submarine fan
siliciclastics.

STRATIGRAPHY AND DEPOSITIONAL SETTING

. The Gustav Group is part of a thick, mainly undeformed succession of marine
clastic rocks of Cretaceous-carly Tertiary age, cropping out on the east side of the
Antarctic Peninsula (Fig. 1). These rocks are the fill of a back-arc basin that lay to
the east of an active. emergent volcanic arc, now represented by the spine of the
Antarctic Peninsula (Fig. 1). The most extensive exposure of this basin fill is on James
Ross Island and surrounding islands, where the succession has a thickness of at least
5 km. The Gustav Group is the basal stratigraphic unit of this succession: it has an
age range of approximately Barremian-Santonian and a total thickness of about
2300 m. It comprises an alternation of coarse-grained and fine-grained units which
have been grouped into four formations (Fig. 2; Ineson and others, 1986). The basal
formation is recognized only in isolated outcrops at Lagrelius Point (Figs. 1, 2); the
trace fossils described here occur within the overlying Kotick Point and Whisky Bay
Formations, which crop out along the length of the north-west coast of James Ross
Island (Fig. 1).
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Fig. 1. Sketch geological map of the northern Antarctic Peninsula showing the distribution of Cretaceous
Tertiary sedimentary rocks in the James Ross Island region. SV, Sharp Valley; LP, Lagrelius Point;
KP, Kotick Point; LV, Lost Valley; GC, Gin Cove; TC, Tumbledown Cliffs,

The rocks of the Lagrelius Point, Kotick Point and Whisky Bay Formations (Fig.
2) can be broadly subdivided into fine-grained, mud-dominated units and coarse-
grained, conglomerate- and sandstone-dominated units. These represent deposition
in slope apron and submarine fan environments respectively, proximal to a tectonically
controlled basin margin (Farquharson and others, 1984; Ineson, 19854, b). Slope
apron sequences comprise bioturbated silty, sandy mudstones interbedded with
thin-bedded, fine-grained sandstone turbidites. Slump folds, stacked intraformational
slump sheets, exotic slide blocks and chaotic mass-flow deposits testify to a lower slope
or base-of-slope setting. Submarine fan deposits include channelled coarse-grained
conglomerates and pebbly sandstones representing the proximal channelled zone of
coarse-grained fan systems.

The overlying Hidden Lake Formation, however, was deposited under more varied
palaecoenvironmental conditions. A localized unconformity at the base of the form:
tion (Fig. 2) records a phase of basin uplift and preliminary study of the sedimen-
tology and ichnology of the Hidden Lake Formation suggests a shallow-marine
environment. This paper is concerned only with the trace-fossil record from the
deeper-water Kotick Point and Whisky Bay Formations.

SYSTEMATIC DESCRIPTIONS

Mudstones and sandstones of the Kotick Point and Whisky Bay Formations are
typically moderately to intensely bioturbated, often to the point of complete
destruction of bedding and primary sedimentary structures. Intensive bioturbation
commonly results in a mottled, homogenized fabric without recognizable form,
particularly in sand-dominated intervals. Ten distinct traces were recognized, how-
ever, and eight of these are assigned to ichnogenera.
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Fig. 2. Lithostratigraphy of the Cretaceous sedimentary strata on the west coast of James Ross Island (after
Ineson and others, 1986). Circled ornament = conglomerate-dominated: stippled = sandstone-
dominated; dashed = mudstone-dominated. Whisky Bay Formation members: BP, Bibby Point
Member; LH, Lewis Hill Member; BB, Brandy Bay Member: GC, Gin Cove Member; TC,
Tumbledown Cliffs Member; RC, Rum Cove Member.

Fig. 3. Bedding plane view of Chondrites. Diameter of lens cap 1s Scm (also in Figs. 5, 6 and 9).
Tumbledown Cliffs Member, Whisky Bay Formation: south Tumbledown Cliffs.
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Fig. 4. Phycosiphon on sandy siltstone bedding plane. D8508.5, scale bar = 1 cm. Kotick Point Formation;
Kotick Point.

Ichnogenus CHONDRITES von Sternberg, 1833
Chondrites ichnosp.
Figs. 3, 7, 10

Description. Regular dendritic branching pattern of small sediment-filled cndichni.
burrows. Circular to oval in cross-section where uncompacted. Diameter 0.2-2 mm;
diameter uniform within individual burrow systems but narrow (0.2-0.5 mm diameter)
and wide (1-2 mm diameter) systems often occur together. Branching angles variable;
offshoots often begin at 20-30° to parent tunnel and curve gently outwards (cf, C.
recurvus). Branches of same system rarely cross or intersect one another. Burrows
generally parallel to bedding; oblique upward and downward offshoots present
locally. Unlined tunnels, structureless mud fill.

Oceurrence. Common throughout succession (Fig. 13): particularly well-represen-
ted within mud-dominated intervals in association with Zoophvcos, Planolites and
Teichichnus (Fig. 10).

Remarks. The Chondrites burrows described here commonly transect other burrow
systems and evidently were formed later and at a deeper level than most other forms
(cf. Bromley and Ekdale, 1984, 1986). Chondrites is generally regarded as the
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systematic feeding burrow of a polychaete or sipunculoid worm (Simpson, 1957;
Osgood. 1975) although Ekdale (1977) suggested that tiny arthropods may be capable
of producing such a structure. It is a widespread and cosmopolitan ichnogenus, known
from deposits ranging from Cambrian to Recent in age and from abyssal (Ekdale,
1977) to shallow-marine (Gutschick and Rodriguez, 1977) in depositional setting.

Ichnogenus PHYCOSIPHON Fischer-Ooster, 1858
Phycosiphon ichnosp.
Fig. 4

Description. Winding, irregular meandering, horizontal, silt-filled burrows. Diameter
0.3-1.5 mm, generally constant within individuals. Burrows discontinuous but tight,
hook-like meanders commonly preserved (Fig. 4) although more open, sinuous forms
are present. Cross-cutting of burrows common on heavily bioturbated surfaces but
branching is rare.
%c’c'urrwu'e. Occurs rarely in the Kotick Point Formation.
emarks. This trace fossil occurs on heavily bioturbated sandy siltstone bedding
planes and individual burrows are generally discontinuous. Although some short
segments resemble Cosmorhaphe or poorly developed Helminthoida traces (cf. Crimes,
1977, Chamberlain, 1978), the overall pattern of superimposed loops favours
assignation to the ichnogenus Phycosiphon. Some traces assigned to Phycosiphon
display spreite (e.g. Chamberlain, 1971) but spreite are not present in the type
specimen depicted by Fischer-Ooster (1858) and are not considered an essential
characteristic of the ichnogenus. Phycosiphon traces have been recorded from shallow
marine and deep-sea sequences (Seilacher, 1978) but are typical of the deeper-water
Nereites ichnofacies (Chamberlain, 1971; Kern, 1978).

Ichnogenus OPHIOMORPHA Lundgren, 1891
Ophiomorpha ichnosp.
Fig. 5

Description. Three-dimensional burrow systems, comprising horizontal, oblique and

vertical cylindrical tunnels, 14-25 mm in diameter. Y-shaped dichotomous branching;

tunnel widening at branching points. Characteristically show knobbly, mammillated

outer surface, reflecting burrow lining of elliptical-spherical pellets, 2-4 mm across.
ner burrow wall generally smooth; burrow infill is structureless and may be similar
dissimilar to host sediment.

Occurrence. Recorded from sand-dominated intervals in the Kotick Point and
Whisky Bay Formations. Typically occurs in medium to fine-grained. moderately to
well-sorted sandstones.

Remarks. The structureless fill and pellet-lined walls indicate that these traces
represent domichnial tunnels that were passively filled following evacuation by the
organism. Ophiomorpha is commonly ascribed to burrowing decapod crustaceans
(Héantzschel, 1975) and, in particular, to callianassid shrimps. The association between
callianassids and Ophiomorpha has been demonstrated in both modern and ancient
deposits (Pickett and others, 1971; Weimer and Hoyt, 1964; Curran and Frey, 1977:
Frey and others, 1978). Ophiomorpha is often regarded as a reliable indicator of
shallow-water, nearshore environments (e.g. Frey and others, 1978), but has been
described from a number of deep-water, submarine fan deposits (e.g. Kern and
Warme, 1974; see discussion below).
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Fig. 5. Ophiomorpha burrows in heavily bioturbated sandstone, viewed normal to bedding. Note the
distinctive imprint of pelleted burrow-lining (centre left). Gin Cove Member, Whisky Bay
Formation; Lost Valley.

Fig. 6. Straight, cylindrical Palaeophycus burrow, bedding plane view. Gin Cove Member, Whisky Bay
Formation; north Tumbledown Cliffs.

Ichnogenus PALAEOPHYCUS Hall, 1847
Palaeophycus ichnosp.
Fig. 6

Description. Straight or gently curved, mainly unbranched cylindrical burrows;
diameter 7-15 mm, mainly parallel to bedding. Structureless sand fill, identical to host
sediment. Pale-coloured silt linings up to 1 mm thick; some forms show irregular
constrictions.

Occurrence. Present in sand-dominated intervals within the Whisky Bay Formation.
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Fig. 7. Polished slab, cut normal to bedding, of calcite-cemented burrowed siltstone. Composite ichnofabric
composed of Planolites (P) of varying size (note annulations on smaller burrows, cf. P. annularis
Walcott), Chondrites (C) and Teichichnus (T). Note the dark speckling of fecal pellets within
Teichichnus spreite and the upper structureless fill of this trace, representing the final position of
the organism. D8311.7. scale bar = | cm. Kotick Point Formation: Sharp Valley.

Remarks. Palaeophycus is a common, facies-crossing trace fossil that is thought to
.:presenl an open dwelling burrow of a predatory or suspension-feeding organism
(Pemberton and Frey, 1982).

Ichnogenus PLANOLITES Nicholson, 1873
Planolites ichnosp.
Figs. 7, 10

Description. Sub-horizontal to oblique, straight to sinuous burrows; smooth, irregular
or rarely annulated wall structure. Unlined ; homogeneous or mottled fill which differs
from host sediment. Burrows circular or oval in cross-section, 4-16 mm in diameter,
up to 130 mm long; rarely branched.

Occurrence. Common throughout the succession, particularly within mud-
dominated sequences in association with Chondrites and Zoophycos.

Remarks. In a recent revision of Planolites and Palaeophycus, Pemberton and Frey
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(1982) suggested that Planolires represents an actively back-filled ephemeral burrow,
constructed by a mobile deposit feeder. Although commonly occurring in fine-grained,
low-energy deposits, it is a widespread, facies-independent form that has been
recorded from late Precambrian to Recent sedimentary deposits (Hintzschel, 1975).

Ichnogenus TEICHICHNUS Seilacher, 1955
Teichichnus ichnosp.
Figs. 7,10

Description. Vertical, wall-shaped, endichnial construction with retrusive, concave-
upward spreite. 9-12 mm wide, up to 60 mm deep and 120 mm long. Straight to gently
curved in horizontal plane; unbranched. One specimen terminates upwards in oval
tube (810 mm across; Fig. 7) with structureless fill. Spreite commonly delineated by
oval or circular, dark brown pellets (0.2-0.5 mm across).

Occurrence. Teichichnus was not identified in the field so its distribution is unknown.
However it was found to be common in slabbed specimens of bioturbated mudstone
from the Kotick Point Formation in association with Chondrites, Zoophycos a
Planolites (Figs. 7, 10).

Remarks. Teichichnus is produced by the upward migration of an organism
inhabiting a horizontal burrow. The uppermost, sediment-filled burrow (Fig. 7)
represents the final position of the burrow prior to vacation. Ekdale (1977) suggested
that the organism responsible for Teichichnus is a shallow burrower that moves
upward to maintain its position relative to the sediment surface. Teichichnus is often
assigned to the Cruziana ichnofacies, representing deposition in the shallow-marine,
neritic zone (e.g. Seilacher, 1967) and is typical of low-energy, fine-grained deposits
(Baldwin, 1977). It is, however, a long-ranging (Cambrian-Recent) cosmopolitan
form that has been recorded from a wide spectrum of marine environments (e.g.
abyssal, Ekdale, 1977: shallow subtidal, Crimes and others, 1977).

Ichnogenus THALASSINOIDES Ehrenberg, 1844
Thalassinoides ichnosp.
Fig. 8

Description. Horizontal burrow systems showing regular, dichotomous Y-shaped
branching. Cylindrical tunnels 5-20 mm across: diameter typically uniform within
any one network although tunnels often swell up to twice the normal diameter at the
point of bifurcation. Commonly branch at about 50 mm intervals, locally producin
a crudely polygonal tunnel array. Burrow walls smooth and unornamented thoug
often showing a thin (< 1 mm) silt lining where occurring in sandstone. Some tunnels
have geopetal fills of sand and calcite cement.

Occurrence. Recorded commonly from sandstone and mudstone beds in sand-
dominated sequences within the Whisky Bay Formation.

Remarks. The lined nature of the burrows, the structureless sand fill and particularly
the sparry calcite-cemented burrows indicate that this trace represents a dwelling
burrow system that was passively filled following desertion by the occupier. Thalas-
sinoides is closely comparable to modern burrows produced by thalassinidean shrimps
and ancient Thalassinoides systems are generally attributed to crustaceans (Hantz-
schel, 1975; Curran and Frey, 1977). Thalassinoides is a common member of the
Cruziana ichnofacies which is characteristic of the shallow subtidal shelf, between
fair-weather and storm wave base (Ekdale and others, 1984). However, Thalassinoides
has been recorded from sandy, submarine fan deposits (Kern and Warme, 1974) and
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Fig. 8. Polygonal Thalassinoides network on sandstone bedding plane. Divisons on staff are 10 cm
Tumbledown Cliffs Member, Whisky Bay Formation; south Tumbledown Cliffs

slope deposits (Buck and Bottjer, 1985) and its distribution is clearly not controlled
by bathymetry alone.

Ichnogenus ZOOPHY COS Massalongo, 1855
Zoophycos ichnosp.
Figs. 9, 10

Description. Mainly recognized in sections normal to bedding where it forms a series
of parallel, sub-horizontal bands composed of crescentic lamellae (spreite) oriented
normal to bedding or oblique. concave upwards (Fig. 10). Individual bands are

8 mm thick (mean 5.5 mm), up to 80 mm long on bedding-normal faces. Bands are

ically gently curved with shallow concave-upwards profile; number 3-7 within any
one burrow system. Band separation is typically 10 mm (range 3-18 mm): individual
lamellae are 0.5-1 mm thick and are differentiated by variation in colour and grain
size. Rare bedding plane exposure of Zoophycos shows distinctive ‘roostertail* pattern
of spreite spiralling from central axis (Fig. 9).

Occurrence. Common throughout the Kotick Point Formation and within fine-
grained intervals of the Whisky Bay Formation. Generally found within heavily
bioturbated mudstones in association with Planolites, Chondrites and Teichichnus.

Remarks. Zoophycos is a problematic trace fossil that has been variably interpreted
as the product of a sea-pen (Bradley, 1973), the imprint of the gill architecture of
polychaetes (Plicka, 1970), a plant fossil (Plumstead, 1967) or, more commonly, as
the result of systematic mining by a soft-bodied. worm-like animal (Seilacher, 1967
Wetzel and Werner, 1981). The ichnogenus 1s highly varied. however, and probably
includes structures of different origin (see discussion in Taylor, 1967). Following
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Fig. 9. Bedding plane view of bioturbated mudstone showing distinctive “roostertail” Zoophycos trace
(centre right). Kotick Point Formation; Kotick Point.

Ekdale (1977), the form described here is interpreted as a complex burrow system
produced by systematic helical mining of the sediment by a soft-bodied, worm-like
organism (see also Wetzel and Werner, 1981). Seilacher (1967) regarded Zoophycos
as the characteristic trace fossil of a transitional assemblage representing marine
environments from wave-base to bathyal depths although Zoophycos traces have been
recorded from the complete spectrum of marine environments (Osgood and Szmuc,
1972; Hantzschel, 1975). Spreite structures from recent deep-sea muds (3800 m, SE
Pacific) were compared with Zoophycos (Seilacher, 1967) and Ekdale (1977) described
a number of forms of Zoophycos from Upper Cretaceous to Tertiary abyssal deposits
(see also Wetzel and Werner, 1981). Indeed, the simple and curved forms of Zoophycos
figured by Ekdale (1977) are closely comparable to those described here. Such spiral
forms of Zoophycos are commonly associated with other complex feeding traces of
the Nereites ichnofacies; flat forms are more typical of shallow-water environments
(Hintzschel, 1975).
Rosetted trace fossil .
Fig. 11

Description. Rosetted, daisy-like, epichnial trace; horizontal, flat or shallow funnel-
shaped. Diameter 20-50 mm; I-3 mm thick normal to bedding. 11-20 elongate
petaloid lobes tapering to a central point. Lobes 2—4 mm across at point of maximum
width, with rounded outer terminations; pseudo-branching due to local overlap of
lobes. Lobes straight or rarely gently curved: composed of siltstone in sandstone host
rock.

Occurrence. Recorded rarely from silty sandstones within the Kotick Point and
Whisky Bay Formations.

Remarks. The ichnogeneric position of this trace has not been established.

VII.7) although a central vertical burrow has not been identified in the traces described
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Fig. 10. Polished slab, cut normal to bedding of bioturbated sandy mudstone. Complex tiered fabric
composed of Planolites (P), Teichichnus (T). Zoophycos (Z) and Chondrites (C). D8507.5, scale
bar = | cm. Kotick Point Formation; Kotick Point.

Fig. 11. Rosetted trace fossil in bioturbated silty sandstone. D8515.13 (x 2) Gin Cove Member, Whisky
Bay Formation, north Tumbledown Cliffs.
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Fig. 12. Steeply inclined, back-filled burrow, viewed normal to bedding. Clinometer is 6 em across. Gin
Cove Member, Whisky Bay Formation; Lost Valley.

here. They are similar to some figured specimens of Gyrophyllites (e.g. Ksiazkiewicz,
1970) but this ichnogenus is not well defined and includes a variety of forms.
According to Hintzschel (1975, p. W65) Gyrophyllites possesses club or leaf-shaped
tunnels, sometimes with spreite, that radiate at different levels from a vertical or
oblique shaft. The traces described here apparently occur within one sub-horizont:
plane and spreite and a central burrow are not observed. Comparison with oth
radiate ichnogenera is also unsatisfactory; Lorenzinia consists of short, stubby
radiating grooves with a broad featureless central field, whereas the rays of Glocker-
ichnus are narrow, pointed and commonly branch (see Ekdale and others. 1984).
However, broadly comparable rosetted traces have been documented from a number
of deep-water deposits (e.g. Ksiazkiewicz, 1970; Pickerill, 1980).

Simple, back-filled burrows
Fig. 12

Description. Cylindrical, unbranched burrows; sub-horizontal or gently oblique,
locally steep or sub-vertical. Diameter 2-20 mm. Characteristically show meniscate
back-fill structure composed of alternating silty and sandy (often pelleted) laminae;
some forms possess a silt wall lining.
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Fig. 13. Relative abundance of trace fossils within fine-grained and coarse-grained sedimentary sequences.

Occurrence. Present in both sand- and mud-dominated sequences throughout the
succession.

Remarks. These traces represent actively back-filled burrows produced during
sediment ingestion or locomotion. Many of the smaller, sub-horizontal forms
resemble Scalarituba but there is a complete gradation between sub-horizontal and
sub-vertical forms, and the characteristic meandering form and prominent scalariform
ridges of Scalarituba are rarely seen. Horizontal back-filled burrows are often assigned
to Muensteria; the variety in attitude of the burrows described here precludes
classification in either of these ichnogenera. The large (10-20 mm diameter) sub-
‘crtica] back-filled burrows (Fig. 12) occur in close association with Ophiomorpha

nd, indeed, show similar dimensions; these traces may represent escape burrows
produced by the same organism (crustacean?).

Discussion
Distribution of trace fossils

The strata of the Kotick Point and Whisky Bay Formations can be broadly grouped
into fine-grained, mudstone-dominated units and coarse-grained, sandstone- and
conglomerate-dominated units (Fig. 2). The trace fossils described here fall into three
groups relative to this facies subdivision: those occurring throughout the succession
and those essentially restricted to either the fine- or the coarse-grained units (Fig. 13).
Facies-independent forms include the most common traces. Planolites and Chondrites
Phycosiphon occurs infrequently but was recorded from siltstones within both
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sedimentary associations. The rosetted traces were recognised too rarely to assess their
relationship with facies.

The mud-dominated association is characterized by Zoophycos, typically occurring
together with Planolites, Chondrites and, in places, Teichichnus. Forms restricted to
the coarse-grained facies are Palaecophycus, Thalassinoides and Ophiomorpha (Fig.
13).

Environmental implications

The use of trace fossils to aid environmental interpretation of marine sequences is
well-established (see Frey and Pemberton, 1984). However, the pioneering work of
Seilacher (1967) in this field has undergone certain modifications as the relative
importance of energy level and substrate over absolute bathymetry became apparent.
Thus, trace-fossil assemblages that were thought to be characteristic of high-energy,
inshore environments may be duplicated in energetic. sand-rich, deep-water environ-
ments (see Kern and Warme, 1974; Crimes, 1977: Ekdale and others, 1984). The
Kotick Point and Whisky Bay Formations of James Ross Island contain represents
tives of both deep- and shallow-water ichnofacies. Chondrites, Planolites, Palaeo=
phycus and Teichichnus are facies-crossing forms: Phycosiphon and rosetted trace fos-
sils are commonly assigned to the deep-water Nereites ichnofacies, whereas horizon-
tal Ophiomorpha and Thalassinoides are characteristic members of the shallow-marine
Cruziana ichnofacies (Seilacher, 1967; Frey and Pemberton, 1984). However, Kern
and Warme (1974) and Crimes (1977), reported Ophiomorpha and Thalassinoides
burrow systems from deep-sea submarine fan deposits (see also Armentrout, 1980;
Buck and Bottjer, 1985) and it is clear that the range of environmental conditions
experienced in deep-sea settings can result in a wide variety of trace-fossil assemblages.
In this study, the mudstone-dominated and sandstone/conglomerate-dominated
intervals are typified by two distinct assemblages of trace fossils. The fine-grained
units, representing deposition at the base-of-slope, marginal to submarine fans, are
characterized by Chondrites—Zoophycos—Planolites + Teichichnus (Fig. 10), an assem-
blage produced by infaunal deposit feeders. This assemblage is identical to that
recorded from Recent fine-grained sediments in slope and deep-sea settings (Ekdale,
1977; Wetzel, 1984; Nelson, 1986) and is also commonly reported from ancient
fine-grained deposits of inferred deep-water origin (e.g. Buck and Bottjer, 1985).
Clearly, this assemblage characterizes low-energy, mud-dominated marine environ-
ments and Ekdale and Berger (1978) considered it typical of the deep-sea. Furthermore,
the dominant presence of Chondrites in this assemblage, locally to the exclusion
of other forms, may indicate reduced levels of oxygen in the sediment surﬁciu.
(Bromley and Ekdale, 1984). Where Chondrites forms part of a composite, tiered
assemblage, it generally transects other forms and represents the last, deepest form
of bioturbation (Fig. 8; see also Bromley and Ekdale, 1986).

The coarse-grained facies association is characterized by Thalassinoides-
Ophiomorpha—Palaeophycus, an assemblage of domichnial burrows. These sandy.,
pebbly deposits represent the inner channelled region of coarse-grained fan systems
(Ineson, 1985a); similar trace fossil assemblages have been recorded from the
sand-rich, inner zone of submarine fans by Kern and Warme (1974) and Crimes
(1977), and from the sandy fills of continental slope channels by Buck and Bottjer
(1985).

It is clear, therefore, that most of the trace fossils recorded from this succession
reflect only the local environmental conditions (substrate, energy level, oxygenation)
and provide little evidence of absolute bathymetry. The deep-water setting established
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by sedimentological analysis (Farquharson and others, 1984 Ineson, 1985a) is
supported only by the rare occurrence of Phycosiphon and the rosetted trace fossil.
Such traces are rarely reported from shallow-water marine sequences, and indeed, are
typical members of Seilacher’s Nereites ichnofacies representing deep-water slope or
basinal environments.
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